an abnormal communication between the two sides of 1:he heart, which he found in autopsy. In 1761 Morgagni (2) showed that cyanosis might be combined with pulmonary stenosis. He explained the cyanosis by stasis caused by the pulmonary stenosis. Grancher (3) found a distention of the capillaries and the smallest arteries in patients suffering from (congenital) cyanosis, and considered this distention as well as the cyanosis as caused by stasis. Later Knapp (4) detected the alterations of the retinal vessels in patients with congenital cyanosis. This, together with experiments on animals by P'anum (5), Dareste (6) , 259
Stockard (7), Bardeen (8) , Loeb (9) , and others, resulted in giving the capillary anatomical changes more prominent and causal relation to cyanosis, which in some instances was considered due to anatomical malformation of the small vessels. Abnormalities in the blood itself have also been held responsible for the production of cyanosis. Since Krehl (10) found polycythemia in patients with congenital cyanosis and Vaquez (11) (1892) described the first case of polycythemia, an abnormally high number of red blood corpuscles has been considered a cause of ¢yanosis. Alterations in the blood gases have also been considered the cause of cyanosis, and in spite of lack of experimental confirmation, this idea has never been given up. Some had the opinion that an accumulation of carbon dioxide in the blood, others that too small an amount of oxygen caused the cyanotic skin color. Also the amount of reduced hemoglobin has been considered the cause. Von Bamberger (12) early put this idea forward in his monograph on heart diseases. Since then, several others have used the same explanation, and it is usually considered one of the most important causes of cyanosis. No experimental, proof has, however, been established. In a previous paper by the writer (13) it was pointed out that the results of a series of determinations of venous oxygen on decompensated heart patients seemed to show that there existed a close relation between cyanosis and the amount of reduced hemoglobin (called oxygen unsaturation) of the venous blood. Later Langstroth (14) confirmed this in two heart patients suffering from cyanosis. But the problem has never been submitted to a systematic investigation.
Present State of the Problem of the Cause of Cyanosis.
The literature shows that some confusion prevails, primary and secondary causes being intermixed. By primary causes I mean changes of the blood itself; by secondary causes I mean pathological disturbances, which may be more or less localized. Such intermixture of primary and secondary causes results in confusion such as we would have if we defined anemia as a condition caused by different factors; for instance, decreased hemoglobin, bleeding gastric ulcer, toxins, and so forth.
Primary Causes of Cyanosis.
--Of what we may term primary causes, three are held especially responsible: (1) increased carbon dioxide content of the venous blood; (2) decreased oxygen content of the venous blood; and (3) increased oxygen unsaturation of the venous blood. 1 The chief aim of the present work has been to investigate whether or not any of these alterations of the blood really accounts for the cyanosis; i.e., is the primary cause. For that purpose the cyanosis and the blood findings on a series of cyanotic and non-cyanotic individuals have been compared.
Technique.
The cyanosis is simply estimated (always in full daylight) and its degree indicated by plus signs.. Three plus Signs mean a very dark blue color. It has always been general (skin and mucous membranes) but never quite equally distributed. One plus indicates a just visible bluish color, usually but not always localized to the peripheral parts (acrocyanosis). Two pluses indicate an intermediate stage, in which the cyanosis is usually general but is pronounced only at certain places, such as the ears, lips, and finger-tips.
The blood samples have all been drawn and kept after the procedure given in previous publications (15, 16) .
The total oxygen capacity is determined either directly by the .Van Slyke method (17) or (in a minority of the cases) indirectly by calculation from the color index (Haldane's method). The venous oxygen and carbon dioxide are measured by the Van Slyke method (18) . The carbon dioxide is determined on whole blood kept under oil for a very short time (19) .
Determinations.
The results of the estimation of the cyanosis and the determination on the blood are given in Tables I to III. The figures of the first column indicate the serial number of the determination. In the second column are given in volumes per cent the values of the carbon dioxide (in Table I ), the oxygen (Table II) , and the oxygen unsaturafion (Table III) of the venous blood. In Column 3 are the remarks on cyanosis, which are to be compared with the blood findings in Column 2. The figures in the fourth column indicate the serial numbers of corresponding determinations in Tables I to VI of  Paper II ( 20) , in which details about the patients and the blood determinations are given. In the last column are remarks about the condition of the individual from whom the blood has been drawn. Congenital heart failure. Decompensated " " exercise. Congenital " " "
rest.
Decompensated " " " Normal individual; exercise. Congenital heart failure. Pneumonia. Normal individual; artificial stasis on arm. Decompensated heart failure.
Pneumonia. Decornpensated heart failure.
Congenital heart failure.
Pneumonia. Cardiac neurosis; exercise. Decompensated heart failure, " " " exercise.
Congenital " " In Table I are given the values in volumes per cent of the carbon dioxide of the whole (unchanged) venous blood. In twenty-three instances cyanosis of different degrees was encountered; in twelve instances no c'yanosis was found. The table is arranged according to decreasing values of carbon dioxide. It is easily seen that no relation exists between the carbon dioxide content of the (venous) blood and cyanosis. A cyanotic color may be associated with low as well as with high values of carbon dioxide. ~ 2 The upper normal limit of the carbon dioxide of the venous blood (whole blood drawn and kept under oil) is approximately 65 volumes per cent, the lower limit about 40 volumes per cent. Determinations of the carbon dioxide of whole blood in a series of individuals will be published later.
In Table II are given the values of the oxygen of the venous blood in volumes per cent. The table is arranged according to increasing values of oxygen content. A glance at the table shows that the amount of oxygen left in the venous blood ~ has no simple relation to the production of cyanosis. One may find cyanotic patients with very low values for the venous oxygen and others with very high values. As in Table I , the non-cyanotic are distributed over the same range.
The table shows that one may find very high (28.00 volumes per cent), as well as extremely low values for the venous oxygen. In one case (Determination 1) the venous blood contained no oxygen. The importance of this fact is discussed in a previous paper (21) . Table III presents the values of the oxygen unsaturation 4 arranged according to decreasing values. There is no doubt that some intimate relation exists between the oxygen unsaturation and the cyanosis. The most striking feature is undoubtedly that cyanosls is not associated with values of the oxygen unsaturation below about 8j volumes per cent (7.93 volumes per cent for No. 48). s This is of considerable importance because the upper limit of oxygen unsaturation in resting normal individuals has previously (16) been found to be about 8 volumes per cent.
This does not at all mean that we find a cyanotic color in all instances in which the oxygen unsaturation is above that limit. It is seen that values of the oxygen unsaturation from 8 to about 13. 
SUMMARY.
These data prove that abnormally high oxygen unsaturation of the blood is a cause of cyanosis.
The fact that the lowest value of oxygen unsaturation (in the venous blood) associated with cyanosis is about 8 volumes per cent seems to indicate that this amount of reduced hemoglobin is the lowest capable of producing a cyanotic color. We shall later discuss this point more in detail.
Table III shows furthermore that in spite of the fact that cyanosis is due to abnormally high oxygen unsaturation, no proportionality exists between the intensity of the blue color and the amount of reduced hemoglobin. This may in small part be due to individual peculiarities of the skin and subcutaneous tissue, which are known to influence in anemia the relation between paleness of the skin and the decrease in hemoglobin.
We shall, however, in the succeeding paper show that the main cause of the disproportionality between cyanosis and venous oxygen unsaturation is found in another factor, the recognition of which throws a dearer light on the pathogenesis of cyanosis, and explains why we may find values of oxygen unsaturation as high as 13 volumes per cent in non-cyanotic individuals.
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